This paper analyzes the dynamics of wages and worker mobility within firms with hierarchical structures of job levels. The paper empirically implements the theoretical model proposed by Gibbons and Waldman (1999) that combines the notions of human capital accumulation, job rank assignment based on comparative advantage and learning about workers' ability. The paper measures the importance of these elements in explaining intra-firm wage and mobility dynamics using survey data from the German Socio-Economic Panel (GSOEP). The use of this data set makes it possible to examine this issue over a large sample of firms and draw conclusions about the common features characterizing firms' wage policy. The GSOEP survey also provides information about workers' job ranks within the firm that is unavailable in most surveys.
Introduction
The question of how wages are determined is central to the study of labor economics. To date, the empirical literature on this topic has focused on factors such as the return to interfirm mobility on the part of workers (Bartel and Borjas (1981) , Neal (1999) , Topel and Ward (1992) ), the covariance structure of earnings across workers and firms (Topel and Ward (1992) , Parent(1995)), and inter-industry and firm-size wage differentials (Krueger and Summers (1988) , Gibbons and Katz (1992) , Abowd, Kramarz and Margolis (1999) ). Thus far, little empirical work has been done on questions relating to the assignment of workers to jobs and the resulting effects on the evolution of intra-firm wage structures and mobility within the firm.
Previous studies on the relationship between wages and careers in organizations present results specific to one or a few firms which, while suggestive, can not easily be generalized to firms beyond the type analyzed (Doeringer and Piore (1971) , Chiappori, Salanié and Valentin(1999), Baker, Gibbs and Holmstrom (1994 a,b)). Empirical studies on the structure of wages and mobility within firms using large data sets have not related the analysis to a formal theoretical framework (McCue (1996) ).
This paper presents an empirical study of the common features characterizing wage and mobility dynamics within firms. The analysis is based on the theoretical framework of Gibbons and Waldman (1999) in which the determination of wages depends on how workers' ability are evaluated within a job rank, given a hierarchical structure of job levels within firms where each job rank has different skill requirements. The model specifies a wage equation integrating the elements of human capital accumulation, job assignment based on comparative advantage and learning about unobserved worker ability to explain the dynamics of wages and promotions inside firms. The objective of this paper is to implement empirically the Gibbons and Waldman model and perform the estimation over a large sample of firms in order to test whether comparative advantage and learning are important determinants of the wage policies of firms.
In addition, estimating the model on the sample of workers remaining with their firm and comparing the results to those obtained from the sample that includes firm changers allows one to distinguish between firm specific effects and individual specific effects transferable across firms in the analysis of the wage dynamics.
The estimation is performed using GMM techniques applied to the longitudinal data from the German GSOEP over the period 1986-1996. This survey is uniquely appropriate for the analysis of intra-firm mobility and wage dynamics because it provides information on hierarchical job levels within occupations through a question asking specifically about the rank occupied by the worker within his/her current occupation. To my knowledge, this information is not available in other surveys. 1 The survey also makes it possible to identify movements both within and across firms through a question about changes in a worker's employment situation in the previous year. These two pieces of information are central to the study of wage and mobility dynamics within the firm. Another advantage of the data is that information is collected over a large sample of individuals and therefore, the analysis of wage dynamics and intra-firm mobility can be done over a large sample of firms.
The German case is an interesting application of the model because the German labor market is thought to differ significantly from the U.S labor market (which provides many of the observations which motivate Gibbons and Waldman's research). Particularly, as shown in Simonet (1998) , interfirm job mobility declines much earlier in a worker's career in Germany than in the U.S. This suggests the possibility that intra-firm mobility may be more important in Germany than in the United States. In addition, because of the strength of trade unions and their close relationship with employer's associations, German firms have to deal with bureaucratic rules governing the setting of wages and job assignments, which could affect the returns to intra-firm mobility on the part of German workers. On the other hand, Bruderl, Diekmann and Preisendorfer (1991) show evidence that early promotions increase the chances of future promotions using panel data on the personnel records of blue-collared workers in a large West German company. Their analysis controls for individual and firm measurable characteristics but not for unobserved individual heterogeneity suggesting that it might play a role in the early promotion hypothesis tested. Therefore it is not clear, a priori, whether the factors of individual ability, comparative advantage and learning, which seem to explain the U.S experience, are more or less important in Germany.
A number of stylized facts have emerged from the empirical literature on internal wage policies and mobility within U.S. firms over the last twenty years. Borrowing from Gibbons (1997) , who provides a detailed review of the literature on careers in organizations, the main findings are reported below. First, the main finding on intra-firm mobility concerns serial correlation in promotion rates. Holding tenure in the current job constant, promotion rates decrease with tenure in the previous job. 2 A related finding is that demotions are rare (although this finding 1 In particular, the PSID and NLSY occupational codes do not provide a natural ranking of job levels comparable across occupations.
is based on a study of only one firm). 3 Second, nominal wage cuts are rare but real wage cuts are much more common. Partly this is because nominal wage increases are insensitive to inflation and zero nominal increases are not rare. 4 Third, the dynamics of wages within the firm exhibit serial correlation in the sense that a real wage increase (decrease) today is serially correlated with a real wage increase (decrease) tomorrow. 5 Fourth, studies that analyze the relationship between wages and intra-firm mobility find that wage increases received by workers who are promoted exceed increases reported by workers who do not receive promotions. 6 However, wage increases upon promotion are small compared to the difference in average wages between two job levels. In other words, significant variations in wages remain within each level so that wages are not tied to levels. Finally, wage increases forecast promotions in the sense that those who receive larger wage increases get promoted more rapidly. 7 Collectively, these observations posed a challenge to the existing theoretical literature, as no pre-existing theory could explain all of these stylized facts. In response to this challenge, Gibbons and Waldman (1999) build a synthesized model which combines on the job human capital accumulation, job assignment based on comparative advantage and learning dynamics.
The predictions of their model are consistent with most of the stylized facts found in the empirical literature. The main contribution of this paper is to examine the explanatory power of the Gibbons and Waldman theory over a large sample of firms.
The paper is organized as follows. Section 2 sketches the theoretical model of Gibbons and Waldman and establishes the framework of the econometric analysis and how this relates to the theory. Section 3 presents the data and provides a descriptive analysis of intra-firm mobility and wage outcomes in German firms. Section 4 presents the results of the estimation, and Section 5 concludes the paper. 3 Baker, Gibbs and Holmstrom (1994 a,b). 4 Baker, Gibbs and Holmstrom(1994 a,b) report this in the case of one firm, and Card and Hyslop (1997) arrive at the same conclusions using the CPS and PSID. Peltzman (2000) reports a similar finding using BLS data. 5 Hause (1980), Lillard and Weiss (1979) and Baker, Gibbs and Holmstrom (1994 a,b). 6 Murphy (1985) Baker, Gibbs and Holmstrom (1994 a,b) and McCue (1996) . 7 Baker, Gibbs and Holmstrom (1994 a,b). McCue (1996) finds that a high wage today is positively correlated with promotion tomorrow, and Topel and Ward (1992) find that prior wage growth affects mobility even after controlling for current wage.
Model and Econometric Framework
This section summarizes the Gibbons and Waldman model of intra-firm mobility and wage determination and highlights the model's main predictions. The model characterizes the relationship between a worker's career path and the evolution of his wage within a firm. It integrates wage determination and job assignment in a dynamic context, where the wage policy of the firm is based on comparative advantage and learning. In other words, it endogenizes the allocation of workers to job rank as workers are assigned to job ranks that better reward their productive ability. In addition, it endogenizes mobility between job ranks because, if the productive ability of a worker is not perfectly observed, both the firm and the worker learn about it and changes in expected productive ability lead the worker to move to another rank of the job ladder.
Firms are modelled as consisting of various potential job assignments and, because jobs are differently sensitive to ability, comparative advantage determines the assignment rule on the basis of output maximization. Output grows with the workers' accumulation of human capital or productive ability each period. In addition, output grows at a different speed depending on the level of innate ability of the worker. All the workers end up reaching the upper level of the job ladder but some get there faster than others. When innate ability is not perfectly observed, learning takes place and wages and mobility within the firm are driven by the evolution of expected ability.
Summary of the Model
The model consists of identical firms operating in a competitive environment and producing output using labor as the only input. All firms consist of a three-level job ladder where jobs are indexed by j = 1, 2 or 3. Jobs are defined in advance, independent of the people who fill them. Both firms and workers are risk-neutral and have a discount rate of zero. A worker's career lasts for T periods. Worker i has innate ability, denoted by θ i , which can be either high (θ H ) or low (θ L ). The worker has also effective ability, η it , defined as the product of his innate ability and some function f of his labor-market experience x it prior to period t:
The production technology is such that if worker i is assigned to job j in period t then he produces output y ijt given by:
where d j is the output produced by a worker in job j that is independent of the worker's characteristics, c j measures the sensitivity of job j to effective ability and ε ijt is a random variable drawn independently from a normal distribution with mean zero and variance σ 2 .
The constants c j and d j are known to all labor-market participants and it is assumed that c 3 > c 2 > c 1 and
Wages are determined by spot-market contracting. At the beginning of each period, all firms simultaneously offer each worker a wage for that period and each worker chooses the firm that offers the highest wage. Competition among firms yields wages equal to expected output.
Efficient task assignment is obtained in the sense that a worker is assigned to the job that maximizes his expected output.
In the case of perfect information, θ i , is common knowledge at the beginning of the worker's career and therefore η it is always known. In this case, job assignments and wages in equilibrium are given according to the following rule:
1. If η it < η then worker i is assigned to job 1 in period t and earns
2. If η < η it < η then worker i is assigned to job 2 in period t and earns
3. If η it > η then worker i is assigned to job 3 in period t and earns
The critical values, η and η , are those levels of effective ability at which a worker is equally productive at jobs 1 and 2 and 2 and 3 respectively. In equilibrium, workers climb the successive rungs of the job ladder as they gain experience.
The model under perfect information can explain most of the stylized facts of the empirical literature. The model exhibits an absence of demotions, serial correlation in wage increases and promotions, and the fact that wage increases predict promotions while explaining only a fraction of the difference in average wages across levels.
There are no demotions in equilibrium because effective ability increases monotonically.
Serial correlation in wage increases occurs because effective ability grows differently for each worker due to their differing levels of innate ability. That is, for a given level of experience, high ability workers will get higher wage increases than low ability workers and the same ordering will hold for wage increases at all experience levels. The model generates serial correlation in promotions for the same reasons. If η and (η − η ) are both sufficiently large then high ability workers are promoted to job 2 more quickly and also spend less time on job 2 before being promoted to job 3. Moreover, since those who receive larger wage increases are also those who are promoted to job 2 earlier in their careers, wage increases predict promotions.
The model gives predictions consistent with the fact that wage increases predict promotion.
A large wage increase indicates an increase in expected innate ability which means that on average effective ability will grow more quickly in the future so that the worker will need less time to reach the target level of expected effective ability needed for promotion.
Finally, wage increases upon promotion explain a fraction of the difference between average wages across levels because, on average, some of the workers at higher job levels are more experienced. The difference between average wages at different levels is given by the average experience or effective ability accumulated. This difference is bigger than the average wage increase at promotion which captures the value of only one year of experience.
The model with perfect information predicts that average wage increases at promotion are higher than average wage increases that would occur if workers remains in their current job levels. This is because increases in effective ability for those who get promoted are valued in part at the rate of the current job level (c j ) and in part at the higher rate of the next job level (c j ). For the same reason, however, the model predicts that average wage increases after promotion are higher than the average increases at promotion as increases in effective ability are entirely valued at the higher job level. This conflicts with the empirical findings which shows that wage increases at promotion are higher than wage increases before and after promotion. Moreover, the monotonicity of the effective ability accumulation function precludes the possibility of real wage decreases.
When information on innate ability is imperfect (but symmetric in that workers and firms have the same information about ability), workers and firms start with the initial belief p 0 that a given worker is of innate ability θ H and with 1 − p 0 that he is θ L . Learning takes place at the end of each period when the realization of a worker's output for that period is revealed.
Learning occurs gradually because of the productivity shock ε ijt , which introduces noise into the output produced.
To be precise, each period a worker's output provides a noisy signal, z it , about his effective ability where:
Note that z it is independent of job assignment so that learning takes place identically across jobs. Expectations of the innate ability of worker i with x years of prior labor-market experience at period t will therefore be conditioned on the history of signals extracted from the observed outputs. Formally, this expectation is defined as:
Because output is a linear function of effective ability, expected output at the beginning of period t, and therefore wages, will be based on expected effective ability (conditional on the information available at t − 1). Task assignment in each period is then based on the maximization of current expected output.
In addition to the stylized facts previously discussed in the perfect information model, the addition of imperfect information and learning allows the model to explain the possibility of real wage decreases. The argument is based on the fact that wages depend on expected innate ability, the evolution of which is now driven by the evolution of agents' beliefs. Because agents have rational expectations, expected innate ability follows a martingale process:
This means that the best prediction of future expected innate ability is current expected innate ability. In other words, any change in current beliefs is caused by the arrival of new information contained in the observation of current output and could not be predicted from previous realized outputs.
In the model with imperfect information a worker's expected innate ability can fall from one period to the next if u it is negative. If the decrease is sufficiently large, it will dominate the increase in effective ability due to human capital accumulation and next period wage will fall. For the same reason, there will be a positive frequency of demotions.
Average wage increases at promotion are larger than average wage increases before and after promotion. The worker promoted at the end of the period had a larger increase in expected effective ability than the worker not promoted. The wage increase will then be higher for this reason and also because the increase in expected ability will be valued at a bigger rate (c j+1 > c j ). After the promotion, the expected change in expected innate ability is zero so the wage increase is smaller on average than the wage increase at promotion.
In summary, as a result of comparative advantage in the assignment of workers to job levels, the model can explain that wage increases predict promotions while explaining only a fraction of the difference in average wages across job levels. Individual heterogeneity in human capital accumulation or the growth in effective ability the model also explains the observed serial correlation in wage increases and promotion rates. The introduction of learning allows for the possibility of real wage decreases and that average wage increases are higher upon promotion than before and after promotion. With some restrictions on the parameters of the model, η and (η − η ) are such that the model also predicts an absence of demotions. Thus, the model can explain the stylized facts highlighted in the literature on wages and intra-firm mobility.
Econometric Specification
The model of Gibbons and Waldman emphasizes the importance of endogenous choice of job levels or self-selection of workers into the rungs of the firm's job ladder as well as endogenous mobility across job levels both driven by the evolution of an unmeasured ability term. The purpose of this Section is to present an econometric specification of the wage dynamics implied by the model of Gibbons and Waldman where these endogeneity problems can be accounted for and the relative importance of the effects of comparative advantage and learning on the dynamics of wages can be estimated.
In the general case of comparative advantage and learning the process for wages given in equation (3) can be written using the expectation of workers' ability, θ e it .
Employing dummies, D ijt , indicating the rank j of individual i at time t, the equation to be estimated can be written as:
where µ it is a measurement error independent of rank assignment, and X it corresponds to individual characteristics to control for the measurable part of human capital. Comparative advantage is characterized by the fact that the coefficients β j and c j vary by rank and learning is represented by the conditional expectation θ e it . In the model with perfect information about innate ability, θ e it is a time invariant term θ i , unmeasurable by the econometrician.
Estimating equation (6) with OLS would give inconsistent estimates. In both the perfect and imperfect information case, the comparative advantage hypothesis implies that rank assignment is endogenous, so θ e it is correlated with the rank dummies. In addition, this term cannot be eliminated by first-differencing (6) because it is interacted with the D ijt terms.
Holtz-Eakin, Newey and Rosen (1988) analyze models in which a fixed effect is interacted with year dummies and show that consistent estimates can be obtained by quasi-differencing the equation of interest and using appropriate instrumental-variable techniques. This method will be applied here to estimate the wage equation (6). 8 
Estimation and Interpretation of the Model Specification
This section describes the quasi-difference technique, the estimation method and the choice of instruments in the perfect information case with comparative advantage and the imperfect information case with both comparative advantage and learning. The estimation of the wage equation also requires to specify a functional form for the human capital accumulation function f which will be presented in the last part of this section.
The first step in estimating (6) is to eliminate θ e it by quasi-differencing in the following manner:
The martingale property of beliefs in innate ability which states that θ e it = θ e it−1 + u it , implies that we can substitute a lagged version of equation (7) into (6) . The final equation is therefore given by: 9 µ it−1 (9) This equation cannot be estimated using non-linear least square because w ijt−1 is correlated with µ it−1 . Moreover, because of the presence of learning, the new information on innate ability at time t, u it , is correlated with D ijt since beliefs on ability influence the current rank assignment. These problems can be solved by choosing appropriate instruments for w ijt−1 and D ijt , in which case consistent estimates will be obtained. The set of instruments, Z i , has to satisfy the following condition:
The objective is then to minimize the following quadratic form:
where Z ΩZ is the covariance matrix of the vector of moments Z e(γ), Ω is the covariance matrix of the error term e it and γ is the vector of parameters. An efficient estimator can be obtained by estimating equation (6) in a first step with Ω = I.
Finally, the unmeasured ability term θ e it in the error term of equation (6) is normalized to zero for the parameters to be identified. 10 This is done by adding the following equation as a constraint on the optimization of (11):
where N is the number of individuals, T is the number of periods for each individual and θ it satisfies equation (7).
Instruments are chosen using the identification assumption for estimation of panel data equations that imposes strict exogeneity of right-hand side variables. More formally:
The estimation is done in two parts. First the role of comparative advantage under the assumption of perfect information is examined. Then the combined impact of comparative advantage and learning is estimated under the assumption of imperfect information.
10 A proof of the necessity of this constraint is given in Lemieux (1998) .
Under the assumption of perfect information, the random shock u it drops from the error term of equation (6) . The elimination of θ i resulting from the quasi-difference corrects the problem of endogeneity in the assignment of workers to ranks. The equation still needs to be instrumented due to the presence of lagged wage on the right-hand side, correlated with µ it−1
given (5). With imperfect information about innate ability, mobility is driven by the learning process so D ijt is correlated with the new information obtained from the observation of current output, u it .
Equation (13) states that conditional on observed innate ability, individual characteristics and rank assignments each period are uncorrelated with the error term in the wage equation (6) . Therefore, this condition provides a set of potentially valid instruments with the property that they are not correlated with the µ terms in the e term from equation (8) .
In the perfect information case, given the assumption of workers' comparative advantage in a given job rank and the fact that wages are linearly related to effective ability, the history of previous period rank assignment should help predict wages. In particular, interaction terms between D ijt−1 and D ijt help predict w ijt−1 . Consider a high and a low ability worker with the same experience and the same rank in period t − 1. Because of different levels of innate ability, the workers have different wages and so contemporaneous rank assignment is not informative enough to identify differences in wages. On the other hand, the high ability worker may be at the level of effective ability required to get promoted next period. Therefore, having additional information on next period rank helps to make inferences on each worker's ability level (for a given level of experience) and therefore on their wage.
Under imperfect information, expected innate ability evolves over time as beliefs change. In this case, changes in expected effective ability resulting from a positive (or negative) realization of u it affect rank assignment and therefore D ijt . To find instruments for D ijt , one can rely on the characteristics of the martingale process for beliefs. Agents have rational expectations so changes in beliefs are serially uncorrelated. Therefore D ijt−1 and also D ijt−2 are not correlated with u it as they result from the realizations of u it−1 and u it−2 respectively. Moreover as before, condition (13) applies so they are not correlated with the µ's error terms of the wage equation.
They then represent potentially valid instruments for D ijt . The interaction between D ijt−2
and D ijt−1 constitutes a good predictor of current rank affiliation because it helps identify differences in expected ability in period t − 1 (using the same argument as in the perfect information case) as well as in period t. 11 A final consideration in the specification of the model involves the choice of a functional form for
f (x it−1 ) , the ratio of accumulated experience in t compared to t − 1, which appears in the estimation equation under both the perfect and imperfect information cases. The Mincer wage equation specifies log wages as a polynomial function of experience, implying that the level of wages is an exponential function of experience. Since wages here are in levels, it is reasonable to assume an exponential function of this same polynomial in experience. This leads to the following functional form for the ratio g(
This ratio links to the model's predictions of serial correlation in wage increases and promotions in the following way. According to the wage equation (5), it is the experience accumulation term f which, interacted with ability θ, drives the results on serial correlation in wage increases and promotions (low and high ability workers accumulate experience at different rates). In In terms of the interpretation of the remaining parameters, the Gibbons and Waldman model predicts that if comparative advantage based on unmeasured ability matters, the slope parameters c j will be significantly different from one another. Because unmeasured ability is likely to be correlated with measured ability, one expects the same result for the β j . One also expects the magnitude of these parameters to increase from lowest for the lower job level to highest for the top job level, reflecting the differences in sensitivity of the different job levels to ability. The constant terms d j should also be significant from one another and, due to the characterization of the technology, should rank from higher in the lowest job rank to lower in the highest one.
The Data
The data for the analysis come from the German Socio-Economic Panel. The GSOEP is a representative longitudinal study of private households conducted every year in Germany since 12 Assuming f (xit) = e α 0 +α 1 x it −α 2 x 2 it and given that xit = xit−1 + 1 then g(xit) = e α 1 +α 2 −2α 2 x it .
1984. The panel used in this paper spans the years 1985 to 1996 because information on workers mobility is not available in 1984. Since the period covers the German reunification, I
have excluded data on the former East German population to keep the pre and post unification samples comparable.
The GSOEP is unique for the analysis hereafter because it provides information on movements between and within firms through a question about changes in the worker's employment situation in the previous year. Most importantly, there is detailed information on the rank occupied by the worker within his current occupation. These two pieces of information are central to the study of wage and mobility dynamics within the firm. Another advantage is that information is collected over a large sample of individuals and therefore, the analysis of wage dynamics and intra-firm mobility can be done for a large sample firms (although survey data do not provide as many details about firm characteristics as for individuals).
Variable and Data Selection
The GSOEP provides information on individual characteristics such as age, education, sex, marital status, nationality and employment status. Wages are given on a monthly basis, corresponding to the month preceding the time of the survey. 13 Firm characteristics include the type of industry, whether the firm belongs to the public sector, firm size and the duration of the employment contract (unlimited or limited length).
Information about unionization is not available on a longitudinal basis as the question is asked only twice over the sample period (1989 and 1993). Although I cannot control for the presence of unions, the variable indicating whether individuals work in a public or private sector firm should partially pick up differences in wage policies between unionized and non unionized firms. Moreover, given that unions have a predominant impact in the German economy at the industry and national level, controlling for treatment differences for unionized and nonunionized workers across firms is not as critical as it would be in an economy where both play a significantly different role at the firm level.
I have selected individuals aged between 20 and 65 who are working at the time of the survey on a full-time basis. I have excluded self-employed workers and put a restriction on wages excluding any observations below 500 DM per month. 14 The resulting sample contains 13 I used wages after deductions for tax and social security because it is the earning variable most frequently reported.
14 Since in Germany, the minimum wage varies by industry, this bound should give a reasonable minimum in and provides sample means of the main variables used in the analysis hereafter.
The GSOEP contains two sources of information to describe workers' careers within a firm.
First, the survey contains a question on job changes. Each year, individuals are asked to report whether they have experienced a change in job situation since the previous year's survey. This question makes it possible to identify workers' careers within and across firms. 15 Appendix B1
provides information on inter and intra firm mobility frequencies by experience and associated wage growth. Overall, 11.2% of the observations report mobility, 2.9% of the observations report intra-firm mobility. Although intra-firm mobility is low, it is comparable to the U.S. as a proportion of the total reported moves. 16 Second, there is a question in which individuals are asked to identify their current position with a choice among five categories: blue-collar, white-collar, civil servant, trainee and selfemployed. I considered the first three given that self-employment is not relevant for the analysis and that the trainee category is not in itself an occupation. 17 Each position is subdivided into a hierarchical structure of job levels or ranks according to the level of skills and responsibilities required for the job. Appendix B2 describes in more details the occupational rank variables and provides average characteristics by job changes and rank changes.
Summary Statistics on Intra-Firm Mobility and Wage Outcomes
A natural starting point before assessing the importance of the comparative advantage and learning assumptions in explaining mobility and wage dynamics is to see whether the German data exhibit the stylized facts of the U.S. data which motivated the Gibbons and Waldman model.
Because the question on job change within the firm does not provide information on the type of job change experienced, I use the information on job rank comparing current and previous job rank to categorize job changes as promotions. 18 Table 1 presents average wage order to exclude outliers for wages without losing observations on low wage workers such as trainees. 15 When considering the sample of workers remaining with their firm over the period (reporting either a job change within the firm or no change in job situation), the sample size becomes 11159 observations (3487 workers).
16 McCue (1996) uses the PSID and finds that about 1/4 of the reported moves are promotions within a firm.
17 Individuals identified as trainees at any point during the sample period were excluded unless they reported the occupation for which they were training. 18 The question on job change is used to identify the sub-sample of workers who remain within their firms, growth by type of job change and rank change for workers who do not change firms. The first two columns report average wage growth for those who changed jobs within the firm and those who did not. The last three present average wage growth of job changers by type of job changes.
Not surprisingly, the main difference associated with a change in rank among job changers is the average wage growth which is 16.25% for workers who receive promotions. 19 Like the findings for the U.S, this suggests that hierarchical rank effects play an important role in the wage determination process in German firms. There is also evidence that previous wage growth predict promotions. The average wage growth the period before a reported change in rank or job (columns 3 or 2) is higher than it is when there is no change in rank or job (column 5 or column 1).
Note that the percentage of changes involving a change to a lower rank is high relative to previous findings on demotions. However, these changes are associated with positive wage growth suggesting that they may not in fact be demotions and may instead result from misclassification in job ranks. This would not be surprising given the known sensitivity of survey data to this type of problem. Given that rank changes are central to the estimation of the Gibbons and Waldman model, I corrected for possible classification errors using the information on job changes and wage growth. 20 The resulting data, which will be used for the remaining of the analysis, present similar average characteristics for firms and individuals as the one without corrections. Average wage growth associated with demotion is now lower (-1.52%) and average wage growth with no change in rank (but a change in job) is now higher (4.67%).
To see whether there is evidence of individual variation in wages within a rank, I compare average wage growth at promotion with the difference in average wages for workers in two consecutive ranks. To do so, I need to compute wage growth at promotion at the different ranks. Because rank definitions and subdivisions are similar across the three occupations considered, they can be summarized in a single hierarchical job ladder using the following 4 generic rank definitions: 21 either experiencing no change in job or a change within. 19 Note also that job changers that do not experience a change in rank receive on average a wage growth of 2.94% which is higher than the average wage growth associated with no change in job suggesting that part of the change in job would be pay related. 20 Details about the correction method and resulting changes in the data are presented in Appendix B3. 21 The blue-collar occupation is originally divided into 5 ranks, distinguishing unskilled from semi-skilled work.
I grouped the two categories into one corresponding to the lower occupational rank. See appendix B for details between U and EX.
Concerning the evidence on serial correlation in wage increases and promotions, the analysis is limited by the fact that the sample period is not long enough to observe several episodes of mobility per worker. On average, the number of years workers stay in the sample is about 8
years. Over that period, the average number of time a worker experience a change is 1.1. As a result, the sample size when considering the workers who experience a change twice or more is very small. This limits the possibility of making reliable inferences on serial correlation in promotions and wage increases.
Summarizing the findings, average wage growth at promotion is higher than without promotion but is lower than the average difference in wage growth between two consecutive ranks.
There is also some evidence that previous wage growth predicts promotion as previous period average wage growth for those experiencing a promotion or a job change the following period is higher than for those experiencing no change in job within the firm. These findings suggest that promotion to a higher rank plays an important role in the wage determination process in German firms. The last two findings suggest that individual-specific variations in wage changes are also important. Overall, these findings show evidence that individual and job characteristics are both important factors in determining wage outcomes within German firms.
on the occupational rank variables.
This preliminary look at the data suggests that German data seem to share some of the same stylized facts as the U.S. data which makes it worth pursuing the analysis by estimating the Gibbons and Waldman model using these data. According to the model, the joint effects of job and individual characteristics in the wage determination process can be explained by the assumption of the workers' comparative advantage in a given rank and the fact that German percentages together with the raw wage differentials (relative to the lower rank) by rank. As observed in Table 2 , the wage differentials increase within job rank in different proportions that depend on the type of occupation, with white-collared workers showing the highest differentials in each rank. While these rank wage premia might reflect the increasing responsibilities and task complexity of higher rank jobs, there is a positive correlation between rank premia and measures of individual ability such as education. From the results of the appendix C Table, the link with other characteristics is however less clear. A global measure of the workers's individual characteristics would be more convenient for analyzing interaction effects of the worker's ability and his job rank in the wage determination process.
In order to obtain a global impact of individual characteristics on wages, I summarize the individual characteristics into one variable interpreted as the worker's skill. 22 To do so, I
estimated a regression of the log wage on education, marital status, sex, nationality, experience and squared experience, industry and occupation type for the entire original sample of workers.
I used the estimated coefficients related to education, marital status, gender, nationality and experience to compute the estimated or predicted log wage based on these characteristics. 23 The resulting skill variable has been normalized to 0 and the average of the resulting skill index by job rank is reported in the last column of the Appendix C Table. Column 1 of Table 3 presents the results of a regression of wages on rank dummies with controls for occupation and industry, large firm size, public sector and length of the employment contract. Given that wages are in level, the rank coefficients can be interpreted as additional dollars value per month from being in a higher rank in the base category for the control variables. 24 Notice that those coefficients are significant and lower than the raw wage differentials of the Appendix C Table with no controls for worker and firm characteristics.
Column 2 of Table 3 considers the impact of adding the skill variable on rank effects. 25 On can see that controlling for skills reduces the impact of the rank dummies but that they remain significant and important.
In order to assess the presence of unmeasured (by the econometrician) individual ability, the next column of Table 3 presents the results of a fixed-effect estimation. Assuming that unobserved individual heterogeneity is time invariant and equally valued in the different ranks, it is possible to eliminate (or control for) this term by using first difference method. If unmeasured ability does not matter in the determination of wages, the fixed-effect estimation results should be similar to the OLS results. One can see from Column 3 that the fixed-effect coefficients on ranks significantly lower, and remain significant. This suggests that part of the rank wage premia is explained by unmeasured ability and part of it still reflects rank effects. 22 Given the focus on the role of comparative advantage, this technique, also used in the studies mentioned earlier applying the quasi-difference and IV method, provides a way to minimize the number of parameters to be estimated. 23 To remain consistent with the Gibbons and Waldman model which focuses on expected productivity equals to wages in level, the skill variable (estimated with the wage in log) is the exponential of the predicted log wage. 24 The base category for occupation and industry is blue collars in the mining and quarrying industry. The dummy for large firm size is one for firms with more than 500 workers. 25 Given that the skill variable is the exponential of the predicted wages, regressing wages on the log of the skill variable would give a coefficient of 1.
The notion that workers have a comparative advantage in some job ranks is equivalent to saying that skills are differently rewarded along the successive rungs of the job ladder, and that workers sort into a given rank according to their level of ability or skills. Column 4 of Table 3 The second panel of Table 3 show the results of a similar analysis applied to the subsample of workers in the private sector only. Results are very similar to those based on the entire sample. Given that a larger majority of workers in the private sector experience a change in rank, 26 the similarity in the results is not surprising.
This section has shown evidence that workers self-select into the different levels having a comparative advantage in a given level based on their level of measured skills. In addition, the results of the first difference estimation lead us to suspect that unmeasured ability may also matter in the explanation of the inter-rank wage differentials and thus, in the wage dynamics within firms.
These results are consistent with the Gibbons and Waldman framework of analysis of wage and mobility dynamics inside firms. Given that unmeasured ability is likely to be correlated with measured ability, it is reasonable to expect to find evidence on the fact that workers also have a comparative advantage based on unmeasured ability. The next section presents the results based on the Gibbons and Waldman model specification presented in Section 2.
Results
This section proceeds in three parts. The first part presents the estimation of the comparative advantage and learning effects on wage dynamics for the sample of workers staying with their 26 See Appendix Table B2.1 firms. The second part describes the results in terms of the validity and predictive power of the instruments. The last part compares wage and mobility dynamics within and between firms estimating the effects of comparative advantage and learning on the sample consisting of firm stayers and firm changers.
Comparative Advantage and Learning Within Firms
The estimation results, shown in Table 4 , are presented in two parts. First, equation (8) Results from the first part of Table 4 confirm the importance of the non random selection of workers based on unmeasured ability. The c j coefficients which evaluate the impact of unmeasured ability in each rank j are all significant. More importantly for the comparative advantage hypothesis, they are significantly different from one another. The joint test for equality of slopes shows a value of 9.36 for the χ 2 (3) statistics which is significant at the 5% level. The coefficients related to measured skills by rank (the β j ) are still significantly different from one another (χ 2 (3) of 9.71 for the joint test) implying that comparative advantage based on measured ability is still important. Compared to column (4) of Table 3 however, the impact is smaller when comparative advantage based on unmeasured ability is controlled for.
For rank to rank differences in the coefficients on measured and unmeasured ability, the effect of unmeasured ability is significantly different between the middle and upper rank (χ 2 of 5.11 significant at the 5% level) implying that it is at that level of the job hierarchy that comparative advantage based on unmeasured ability plays the most significant role. From the results on measured skills, rank to rank differences in coefficients are significant between the lower and middle rank of the hierarchy. Together these results suggest that measured and unmeasured ability play significant roles in determining the assignment of workers into ranks, but have different effects at different levels of the job hierarchy with unmeasured ability being important when moving to the upper part of the hierarchy while measured skills are important when moving from the lower to middle part. Note that the pure rank effects, d j 's, all remain significant implying that measured and unmeasured skills are not the only determinants of wage increases.
Given the different patterns of transition between ranks for blue and white collared workers shown in appendix Table B2 .2 with a higher proportion of blue-collar moving from the low to the middle level and a higher proportion of white-collars moving from the middle to upper level, the different impacts of measured and unmeasured skills at different levels of the job hierarchy suggest that measured skills would be more important in the assignment of blue-collared workers whereas unmeasured ability would be more important for white-collared workers.
The second panel of Table 4 show the estimation results when learning about unobserved innate ability is introduced. One can see that assuming that mobility is generated by learning about unobserved ability changes substantially the preceding results. Overall, the coefficients are less precisely estimated with most of the standard errors doubling in magnitude. None of the tests of equality in the slope coefficients reject the null implying no evidence of comparative advantage.
These results cast some doubt on the ability of the learning hypothesis to be supported by the data. Note that with the introduction of learning, the pure rank effects cease to be significant. Taken in isolation this result would suggest that mobility generated by learning about unobserved ability explains all of the rank effects in the wage dynamics. On the other hand, it is difficult to reconcile with the absence of evidence on the workers' comparative advantage in a given rank. A better explanation for this result would be that mobility of German workers across ranks is not important enough to identify any differential rank effects, either pure rank effects or differential skills and ability effects across ranks. This result is consistent with Bauer From the two panels of Table 4 , one can see that the ratio is significantly different from zero but not significantly different from unity. As mentioned previously, a ratio of unity implies that the function of accumulation of human capital (proxied by years of experience) is constant 27 Results available upon request.
over time and across individuals. This implies that serial correlation in wage increases and promotion is not a prediction supported by the data. These results are in line with other studies using survey data. 28 Summarizing the results, the dynamics of wages within German firms reflect the importance of non random selection of workers into the different rungs of the firm's job ladder. Measured and unmeasured ability both play an important role in the workers' assignment into ranks with unmeasured ability being more important at higher levels of the hierarchical job structure.
There is no evidence of learning effects generating workers mobility across ranks. Neither is there evidence of serial correlation in wage increases and promotion. These results are not surprising given the few episodes of mobility of German workers observed in the data. This in turn may result from the importance of the apprenticeship system in Germany, in which firms and individuals can learn about the quality of the employment relationship before individuals finish school and enter the job market, reducing the need to experience job mobility to learn about individual ability. It may also result from collective bargaining agreements which may regulate the workers' career progression.
To assess the robustness of the preceding results, the next Section presents the results of tests performed to establish the validity of the instruments as well as their predictive power in explaining the variables instrumented.
Instruments
In the estimation of the perfect information model with comparative advantage, the variables used to instrument previous period wage (other than the exogenous right hand side variables of the wage equation) correspond to the interactions in job rank at t-1 and t. This choice of instrument is based on the idea that effective ability, as defined in (1)according to the Gibbons and Waldman model, and therefore wages differ among workers because of innate ability. As a result, the way to capture differences in innate ability and therefore in wages is through the observation of the worker's career path.
When learning is considered, current job rank and previous period wage have to be instrumented. Rank affiliation in t − 1 and t − 2 helps predict current affiliation using the same argument about the informativeness of the worker's career path to capture differences in innate ability. As mentioned previously, differences in innate ability help predict wages and, in the 28 Abowd and Card (1989) and Topel and Ward (1992) case of the model with imperfect information, also explain the worker's rank affiliation each period.
To analyze the predictive power of these instruments, I performed a F-test for the joint significance of the instruments when the instrumented variables (previous wage on the one hand and current rank on the other) are regressed on the instruments and including all the exogenous variables in the right-hand side of the wage equation. The Appendix D table shows the results of the test. One can conclude from the table that rank affiliation either between t − 1 and t or t − 2 and t − 1 are good instruments for the worker's current job rank and the previous period's wage.
In terms of the validity of the instruments used to perform the estimation, note that in the estimations with comparative advantage, the overidentification test rejects the hypothesis that the instruments used are valid. Because this might be due to the importance of classification errors in rank between two periods, I re-estimated the model using a second rather than a first quasi-difference of the wage equation. 29 The idea is that if classification errors are important and if they are serially uncorrelated, one can re-estimate the model and find similar results when comparing observations in t and t − 2. Results are presented in table 5.
Results on the coefficients are similar to those of Table 4 implying that the preceding results on comparative advantage and learning still hold. On the other hand, the result on the validity of the instruments are better. The value of the statistic has substantially decreased suggesting that it is sensitive to mis-classifications in rank. 30 It also suggests that if there are errors in rank classifications, they don't seem to be serially correlated. 29 False classifications may affect the estimated value of the objective function through the estimation of the weighting matrix as the covariance of the moments. See Altonji and Segal (1996) for an analysis of the small sample properties of the GMM estimator when the weighting matrix is the variance of the moments. Since the statistic of the overidentification test is a linear function of the value function, conclusions from the test may be sensitive to the presence of classification errors in ranks. 
Comparative Advantage and Learning Within and Between Firms
In the analysis so far, I have considered the sample of workers remaining with their firms. As a result, the b j θ i term representing the quality of the match worker-rank is defined as being firm-specific. It would be interesting to see whether the unmeasured θ term that is driving the results is transferable across firms (that is, individual rather than firm-specific). Using the information on job changes, I re-estimate the model over the sample of workers moving within and between firms. Results are presented in Table 6 .
Results are similar to those obtained using the sample of firm stayers. The similarity in the results over the two samples suggests that the unmeasured quality of the match between a worker and his rank would be more individual than firm-specific. Note that the analysis is based on survey data which do not allow one to identify firms and therefore to control for firm unobserved heterogeneity. Having matched employer-employee data with similar information on job mobility and hierarchical job structure as in the GSOEP would allow for more precise conclusions about individual versus firm specificity in the unmeasured quality term driving the self-selection of workers into ranks.
Conclusion
In this paper, I have analyzed the relative importance of different factors explaining the dynamics of wages and workers mobility within firms with data from the German Socio-Economic
Panel survey over the years 1986 to 1996. Using survey data for a large sample of workers within their firm, I can draw conclusions on the common features arising from the relationship between workers' career inside the firm and wage outcomes over a large sample of firms. In addition, the longitudinal aspect of the data allows me to study wage and mobility dynamics.
A preliminary analysis of the data shows that, similarly to the U.S. findings on career and wage outcomes inside firms, average wage growth at promotion is higher than without promotion. At the same time, individual differences in wages seem to remain important within each level of the job hierarchy as average wage growth at promotion is lower than the percentage difference in average wages between two job levels. There is also some evidence that wage growth predicts promotion as average previous-period wage growth is higher for those experiencing a promotion (or a change in job) the following period than for those who do not. On the other hand, the data show that German workers experience very few episodes of successive mobility within the firm over the sample period.
From the estimation of the model, the dynamics of wages within German firms reveal the importance of unmeasured (by the econometrician) ability driving the assignment of workers to the different rungs of the firm's job ladder with higher ability workers assigned to the top level positions. On the other hand, I do not find evidence that learning about workers unobserved ability generates mobility across job levels. This may be due to the importance of the apprenticeship system in Germany in which most of the learning about the quality of the match worker-firm would take place before individuals finish school. Finally, the results obtained when including firm changers are similar to those over the sample of firm stayers.
This suggests that the unmeasured quality of the match between the worker and his job level in the job hierarchy is not entirely firm-specific.
The results of this paper show the importance of the question of assignment of workers to job ranks on our understanding of wage dynamics within as well as between firms. The evidence on the presence of non-random selection of workers onto the rungs of the job ladder brings an additional explanation for the fact that the distribution of wages differ from the distribution of individual productivity at the level of the firm. These results show that wage dynamics within the firm depend not only on the worker's ability (innate ability or quality of the match worker-firm) but also on how productive this ability (or match) is within a specific job rank.
The importance of self-selection of workers based on unmeasured ability in the determination of German wages may seem surprising given that the German labor market is regulated by unions and employers' associations which would suggest that pay settings are more related to bureaucratic rules. On the other hand, pure rank wage premia remain significant even after controlling for measured and unmeasured individual heterogeneity. This would suggest that administrative rules resulting from collective bargaining agreements remains a significant factor explaining the wage dynamics within German firms.
The estimation of the model of Gibbons and Waldman over a large sample of firms made it possible to draw general conclusions on the common features characterizing mobility and wage dynamics for German workers. It would obviously be interesting to compare them with US data. To my knowledge, there is no American survey data with a question on the job rank of the worker. However, it would be possible to construct variables on job levels by using the three-digit codes from the U.S. Census which provide a detailed classification of occupations.
Future research should investigate this issue because if the model of Gibbons and Waldman provides a reasonable explanation of wage dynamics in German firms it may be even more relevant in U.S. firms (where the mobility of workers, on which the model is based, is higher than in Germany).
One limitation of the analysis comes from the fact that survey data includes many heterogenous firms. While the analysis controls for the main characteristics of firms, it does not address the question of unobserved firm heterogeneity which may play a significant role in the determination of the wage and mobility processes inside firms. Using matched employer-employee data would make it possible to correct for that aspect.
The model of Gibbons and Waldman is based on the assumption that all firms are identical with the same production technology and hierarchical job structure. Future research could investigate the possibility that firms of different size differ in their internal organization as suggested by the empirical evidence on the impact of firm size on wage outcomes (see for example Brown and Medoff (1989) and Abowd, Kramarz and Margolis (1999)). In this case, the productivity of a given worker-job-level match would be different in large and small firms. a-Based on a sample of 11159 observations (3487 workers). Standard errors in parenthesis. b-Rank change conditional on reported intra-firm job change. c-Rank change up (down or same) is a dummy indicating a higher (lower or same) rank in period t compared to t-1. d-Average difference in log wages between t and t-1 for current growth and t-2 and t-1 for previous wage growth. The period t-1 is the period before reported job (and rank) change. f-The percentages for the first two columns on job change do not add up to 100 because frequencies are computed over the total sample which also includes between firms job changers. a-Based on a sample of 11159 observations (3487 workers). Standard errors in parenthesis. b-Transitions from rank j in period t − 1 to rank j > j in period t ,j, j =(L,M,U,EX). c-Monthly wage (after tax) in levels in thousands of marks. Average over all workers in rank j at time t. a-Dependent variable is wage in level in thousands of marks. Also included are dummies for the type of contract, large firm size, public sector, occupations, industries and years. b-Estimation of Ω using the residuals from NLIV with Ω = I in a first step. Number of observations is 11159 in the comparative advantage case and 9891 in the learning case. The instruments for previous wage in the comparative advantage case include all the rank interactions between t and t-1 as well skills interacted with rank. In the learning case, current rank affiliation is instrumented using rank affiliation in t-2. a-Dependent variable is wage in level in thousands of marks. Also included are dummies for the type of contract, large firm size, public sector, occupations, industries and years. b-Estimation using variables in t and t − 2 in the wage equation. c-Estimation of Ω using the residuals from NLIV with Ω = I in a first step. Number of observations is 7775 in the comparative advantage case and 6904 in the learning case. The instruments for previous wage in the comparative advantage case include all the rank interactions between t and t-2 as well skills interacted with rank. In the learning case, current rank affiliation is instrumented using rank affiliation in t-3. a-Dependent variable is wage in level in thousands of marks. Also included are dummies for the type of contract, large firm size, public sector, occupations, industries and years. b-Estimation of Ω using the residuals from NLIV with Ω = I in a first step. Number of observations is 11932 in the comparative advantage case and 10439 in the learning case. The instruments for previous wage in the comparative advantage case include all the rank interactions between t and t-1 as well skills interacted with rank. In the learning case, current rank affiliation is instrumented using rank affiliation in t-2.
Appendix A: Data Selection
This appendix details the different steps of the data selection process. First selection on age and employment status (full-time, regular part-time or training within the firm). Exclusion of self-employed workers and computation of weights as relative to the mean weight. The sample size is 32493 observations (6171 workers).
Missing variables on firm characteristics (especially firm size) and corrections for intersections between industries and between occupations reduced the sample size substantially. Moreover, the construction of dummies for ranks within occupations and the use of first and second lag of the variables lead to supplementary exclusions of observations. The final number of observations is 11929. Further selection of workers who remain within their firm (without change or with intra-firm job change) gives a sample size of 11159 observations (3487 workers).
Sample Statistics (Weighted) GSOEP-All Workers
Real monthly Wage (DM 1985) Appendix B1: Job Changes Within and Across Firms The possible answers to the question on the changes in employment situation since the preceding year are as follows: (1) no change -(2) have a job with a new employer -(3) became self-employed -(4) have changed position within the firm -(5) took up a job for the first time in my life -(6) gone back to work after a break. I have categorized the different changes in employment situation into four groups:"No changes" "Separations","Intra-firm Mobility" and "Other". Answers 2 and 3 are considered as separations, 4 as intra-firm mobility and 6 as other types of moves. I considered workers in the firm for at least one period so observations on answer 5 have been excluded from the sample. Frequencies conditional on potential experience and gender are presented in On can see that 89% of the workers surveyed experience no changes in employment situation. Among the 11% who are mobile, one half experienced separations while intra-firm mobility accounts for one fourth of the moves. Note also that all types of mobility decline with experience. The percentage of separations is high during the first ten years of experience but decreases rapidly after. Intra-firm mobility declines less rapidly than separations. Mean wage growth associated with the four categories of changes is provided in a-Based on a sample of 11159 observations (3487 workers). b-Rank changes include change up or down. It is is a dummy indicating a higher or lower rank in period t compared to t-1. Rank changes for those reporting a change in job. c-The percentages do not add up to 100 because frequencies are computed over the total sample which also includes between firms job changers.
On average, intra-firm job changers are younger, more educated and more predominantly German men. Among the three types of occupation, white-collar workers are the most likely to experience intra-firm job changes. Overall, 91.6% of the observations correspond to no change in job and 2.9% to a change in job within the firm. Finally, average wage growth associated with a job change is 6.02%, more than 3 times higher than with no reported job changes (1.92%). Workers experiencing a change in rank in addition to a change in job have similar average characteristics than job changers. About 70% of the job changers don't experience a change in rank and 21.5 % correspond to a change to a higher rank (or what I define a promotion). The remaining 8.7% are changes to a lower rank which seems relatively high for demotions but not surprising given that the analysis is based on survey data which are sensitive to miss-classification errors. This point is addressed in appendix B3. The main difference with a change in rank is the associated wage growth which more than doubles.
Rank transition frequencies are given in the table below:
Appendix Appendix B3: Job Change and Rank Variables This appendix provides details on the procedure used to minimize classification errors in the rank variables and in the job change variable. 25% of the observations reporting no change in job are associated with a change in rank ( 15% for a change up and 8% a change down). This shows inconsistency in the information provided in the two variables on job change and rank affiliation. This inconsistency results probably from errors in rank classification (reflected in the high percentage of demotion and the high average wage growth associated with these demotions). On the other hand, it may also be the case that some of the changes in rank affiliation between two periods are "true" changes and the error is in the variable indicating no change in job situation. Note that for some years, the information on job change is provided in two separate questions. A first question asking whether the worker's job situation has changed, another question asking about the type of job change, increasing the chances of inconsistency in the answers provided. Moreover, errors in the no job change information are suspected based on the fact that average wage growth for those who report no change in job but for which there is a change in rank (up or down) is 3.28% which is substantially higher than the average wage growth of the non job and non rank changers of 1.92%. Some of the reported non job changes must in fact be job changes associated with a rank change. To decide when to correct for a possibly false change in rank I used the information on wage growth. Any observations about non job changers associated with a change in rank up (promotion) for which workers are receiving a wage growth of more than 5% is treated as a real change in rank. If it is less than 5% then it is considered as a no change in rank and the current rank is set equal to the previous period rank. In the case of demotion, wage growth has to be less than 0 for the observation to be considered as a change in rank. The first two columns of Table B3 below reports average characteristics for job changers who experience or not a rank change with the corrections done on the rank variables. Comparing with the last two columns of Table B2 .1 (before correction), one can see that average individual characteristics and the differences among rank changers and non rank changers did not change much implying that the correction did not change the informational content of the sample. Only average wage growth is now higher for rank changers and lower for non rank changers. The remaining of the analysis will be done based on these rank corrections. For informational purpose, average characteristics for job changers by type of rank change are presented in the next three columns. Also since the Gibbons and Waldman model focuses on rank changes, average characteristics by rank changes (including job change) are provided in the last three columns. 
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